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First Report

Fort, 1962:

Ph

Cl

O
Ph

2,6-lutidine

O

O

OPh

Ph

DMF, rt, 4d
18%

(all three possible
stereoisomers)

Cookson subsequently improved the yield of cycloadducts by modifying the conditions:

Cookson, 1963-1967:

           conditions                   yield
alkaline alumina in furan        40%
Zn/Cu couple                         29%
Hg                                          35%
NaI in furan                          quant.

Fort, JACS, 1962, 84, 4979.

Cookson, Proc.Chem.Soc.London, 1963, 129.
               J.Chem.Soc., 1965, 2009.

J.Chem.Soc. B., 1967, 473.



Mechanism of [4+3] Cycloadditons
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Hoffmann, H.M.R., ACIEE ,1984, 23, 1.
for calculations on the [3+2]-Claissen pathway, see: Cramer, C., J.Phys.Org.Chem., 2000, 13, 176.



Methods of Generating Allyl Cations I
Early work focused on reductive dehalogenation of polyhalo ketones with low valent metals:
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Fe2(CO)9 or Fe(CO)5
Zn/Ag couple

R
O
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Other methods used with polybromoketones:
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Hoffmann, TL 1976, 51, 2379

oxidative insertion
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SET
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O
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R R
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M0

M2+Br

SN1

Zn/Cu: Hoffmann, JACS 1972, 94, 3940.
Fe: Noyori, JOC 1975, 40, 2681.

Zn/Ag: Noyori, Bull.Chem.Soc.Jpn., 1978, 51, 2745.
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Transition State Analysis

Stereoselectivity of a [4+3] reaction is more complex than its lower [4+2] homolog:
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There are two topologically distinct transition states:
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OM
RR"W-shaped"

OM
R"sickle"

R

OM

R R
"U-shaped"

ΔE

OM

endo & compact

R

R O

R

R

H
H

OM

R
R

O

R

R

H
H

exo & extended

O

H

H

R
R



Stereoselectivity of Oxallyl Cations
The electrophilicity of the oxyallyl cation determines transition state topology

Me

Br

O
Me

Br
O

Me

Me O

Me
Me

Conditions
NaI, Cu                        6.4                                1    (91% yield)
Zn/Cu                          1.7                                1     (N.R.)
Fe2(CO)9                   0.89                                1    (86% yield)

• More covalent oxygen-metal bonds give more stable and electrophilic oxallyl cations 
• factors determining extended/compact modes:
       • dipole minimization favors compact mode for more highly charged oxygen
       • larger steric environment around the metal center favors extended mode       
       • destabilizing secondary orbital interactions favor extended mode for unstable oxyallyl cations

OM
LUMO
4π(4C)

HOMO
2π(3C)

compact mode

• In general, greater electrophilicity of the allyl cation favors an extended transition state

Hoffmann, ACIEE 1984, 23, 1.

note: µ=0.71 for furan
         µ=0.41 for CPD



Product distribution implicates a concerted or stepwise mechanism

Me

Br

O
Me

Br

furan O

O

Me

Me

O

O

O

OMe

Me
Me Me

Conditions
NaI, Cu                     48%                                5%                               ---
Zn/Cu                       69%                                8%                               7%
Fe2(CO)9                  40%                                ---                               50%

Stereoselectivity of Oxyallyl Cations II

• oxyallyl cations are assumed to have a "W" conformation, therefore:
       • di-axial and di-equatorial products are assumed to arise via a concerted mechanism
       • axial-equatorial product is assumed to arise via a stepwise mechanism
• More electrophilic cations (i.e. iron conditions) give access to a stepwise cycloaddition
       due to a greater mismatch in reactivity with dienes (think hard-soft interactions!)

Me

Br

O
Me

Br

MeN

O

Me

Me

MeN

O

Me
Me

Conditions
NaI, Cu                     76%                                13%                             ---
Zn/Cu                         ---                                   ---                             60%
Fe2(CO)9                    ---                                   ---                             81%

NMe

NMe

Me

O
Me

This is emphasized in the following reactions with the nucleophilic pyrrole:

• [4+3] products arise from Zn/Cu and Fe2(CO)9 conditions by using N-acyl and
       N-carboalkoxypyrroles to temper the reactivity of the diene component.

Rigby, J., Org. React., 1997, 51, 351.



Oxyally cations do not eliminate (E1) readily:

Reactivity of Allyl Cations

Me

TMS

OCOCF3

Me
Me

ZnCl2

MeCN, 0°C

Me
Me

Me
Me

Me

TMS

 +  iPr2NEt:             14%                                55%
no iPr2NEt              60%                                10%prepared from alcohol

and TFAA at <-30°C
Hoffmann, TL 1982, 23, 2305.

however:
OEt

Me
Me

OCOCF3
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MeCN, 0°C
no

OEt

Me
Hoffmann, Chem. Ber.  1980, 113, 3837.
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Reactivity of Allyl Cations II

Solvent can have an effect on the mechanism of reaction:

Cl

OTMS
Cl

AgClO4, furan

solvent, 0°C

O

O

Me

Cl

O

O

Cl

Solvent
MeNO2                           89%                               ---                                   ---
THF/Et2O (1:1-3)           2.6%                             0.4%                               61%

Me Me

Me O

OTMS
Cl

MeMe

Me
Me

Cl

OTMS
Me

AgClO4, furan

solvent, 0°C

O

O

t-Bu

Me

O

O

Me

Solvent
MeNO2                           63%                              37%                                ---
THF/Et2O (1:1-3)           16%                               22%                               10%

t-Bu

t-Bu
O

OMe

t-Bu

• The authors suggest that a concerted cycloaddition takes place in MeNO2 while
    a stepwise mechanism operates in THF/Et2O

• Hoffmann: "A reaction of a structurally defined cation belongs at most to two
    classes, i.e. classes A and B or classes B and C. Thus, formation of class C products 
    precludes class A as a source of cycloaddition and conversely, operation of a class A
    reaction makes it unlikely that products of class C are formed."

Shimizu, N., JACS 1982, 104, 1330.



Early Uses of [4+3] Cycloadditions in Synthesis

Examples of [4+3] adducts successfully implemented in synthesis:
         tropanoids, e.g. nezukone (1)
         tropane alkaloids, e.g. scopine (2)
         synthetic intermediates, e.g. Prelog-Djerassi lactone (3)
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Me
Me

1

MeN

O

2
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Br

Me
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O

Me

O
Me
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Me

Br

OO

Zn/Cu

glyme Me

O

O
Me

53%
OO

Me Me

Me

CO2H
H

3
1: Noyori, R., Chem. Lett. 1975, 509.
2: Noyori, R., JACS 1974, 96, 3336. 
3: White, J.D., JACS 1979, 101, 226.

Hoffmann, synthesis of Barbaralanes, 1976:

O

Me

Me

50% NaOH, CHCl3

BnNEt3Cl
50°C, 50 h

80%

O
Cl

Cl
170°C, 1 h

96%Me

Me
Cl

Cl

O
Me

Me

t-BuOK
20°C - 40°C
THF, 2 h

      92%
Me

O
Cl

Met-BuOK

MeOSO2F
HMPA, 5°C

67%

OMe
Cl

Me
Me

Hoffmann, TL 1976, 27, 2382.
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[4+3]

O

retro [4+2]

Early Uses of Intramolecular [4+3] Cycloadditions

An interesting purported intramolecular [4+3] cycloaddition:

O

Br
t-BuOK

DMSO, rt, 15 min

O

Paquette, L.A. JACS 1973, 95, 2230.

The first intramolecular [4+3] cycloaddition:

O

O Me

BrBr

R

Fe2(CO)9, PhH

80°C, 3 h O Me

O
R

R=H,   41%
R=Me. 38%

• Only example using these conditions, due to diffuculty in obtaining starting ketone

Noyori, R., JACS 1979, 101, 220.



Intramolecular [4+3] Cycloadditions
•Intramolecular [4+3] cycloadditions have a control element not available to the intermolecular varient, so
    highly stereoselective reactions less dependent on the reaction conditions are possible.
• Products of intramolecular reactions are complex carbocyclic architectures

Early intramolecular examples show that selectivity is as highly dependent on conditions and substrate 
as the intermolecular reactions previously described:

Me
MeHO

Me

Me

OH

Me
Me TsOH, H2O, pentane, rt

   
                 or
1. TFAA, iPr2NEt, CH2Cl2
         -70°C to -40°C
2. ZnCl2 on alumina, -30°C

complex mixture, no
cyclization products

or

Hoffmann, Helv. Chim. Acta 1983, 66, 828.

• these conditions led to [4+3] adducts in the intermolecular cases

H

OH

Me
Me

OH

Me
Me

TMS TMS

1                  :               1.27

1. TFAA, iPr2NEt, CH2Cl2

         -70°C to -40°C
2. ZnCl2 on alumina, -30°C

                  16%

H

1.15          :              1

norzizaene

Me
Me

Me
Me



• cycloaddition is concerted or stepwise
OH

TMS

Me

Tf2O, 2,6-lutidine

CH2Cl2, -78°C

80%
Me H

H

major

93:7:0:0

H

Me
H

H

TMS

H

Me
H

H

TMS

•only stepwise reaction possible for [3+2] cycloaddition, second bond formation faster than rotation.
• the high selectivities observed are striking considering use of an acyclic diene.

Intramolecular [4+3] Cycloadditions: Cation Geometry
The configuration of the allylic cation can have a dramatic effect on the reaction:

TMS

OH

Me Me

H

H
H

Me
H

H

TMS

compact, endo mode

Tf2O, 2,6-lutidine

CH2Cl2, -78°C

82%
92:5:3:0

major

Giguere, R.J. TL 1990, 31, 4577.



Sulfones in Intramolecular Cycloadditions

Harmata introduces the use of allylic sulfones as precursors to oxyallyl cations:
OEt

O

MePhO2S

Me
TiCl4

CH2Cl2, -78°C

74%

O

O
Et

Me
Me

only isomer
Et

Harmata, M. JOC 1988, 53, 6154.

OEt

SO2Ph

Me
Me

To establish the nature of the allylic cation, stereochemically pure olefins were synthesized:

TiCl4

CH2Cl2, -78°C

58%

O

O
Et

Me
Me

only isomer

(E) or (Z)

Et

A stereochemical marker shows that cycloaddition of (E) and (Z) olefins do not give rise to a common 
intermediate:

OEt

SO2Ph

Me
Me TiCl4

CH2Cl2, -78°C

58%

O

O
Et Me

Me

(E) or (Z)

Et
O

O
Et

Me
Me

Me Me

from (Z):        1             :                1
from (E):     2.8             :                1

Harmata, M. TL 1990, 31, 3981.

Me
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Me
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H O

Et

stepwise from Z

OEt

Me

Me

EtO

Me

Me
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steric
strain

Simple diastereoselection, however, is poor:

OEt
Me

Me

TiCl4

CH2Cl2, -78°C

72%

O
Et Me

Me

Et

Me O
Et Me

Me
Me

SO2Ph

Me

H H

only Z
1                 :              1.3

Harmata, M. JOC 1995, 60, 5077.

Sulfones in Intramolecular Cycloadditions

A different stereochemical marker gives a highly selective cycloaddition:
OEt

O

Me

Me
TiCl4

CH2Cl2, -78°C

58%

O

O
Et

Me
Me

Et

Me

O

O
Et

Me
Me

Me

from (Z):        1             :                99
from (E):        1             :                99(E) or (Z)

SO2Ph

Me



Application to Synthesis of Aphanamol I

Harmata, M. TL 1997, 46, 7985.

CN

CHO

Me Me

P

Li

OMOM
O

Ph
Ph

CN

Me Me
OMOM

58%

MeMgI

THF, reflux
85%

Me Me
OMOM

Me

O

(EtO)2P
O

OEt

O

OEtLi
  1.
  
  2.      LiAlH4
          69% over 2 steps

Me Me
OMOM

Me

EtO
OH

1:1  (E)/(Z) ratio

Tf2O, 2,6-lutidine

CH2Cl2, -78°C
32%

O
Me

H

Me
Me

MOMO

H3O+

46%

O
Me

H

Me
Me

HO

O
Me

H

Me
Me

HO

( )-Aphanamol



Sasaki, T. TL 1982, 23, 1693.

Early examples of preparation for [4+3] cycloadditions:

OTMS
O

H

SnCl4
OTMS

OSnCl4

H

MeO

Cl

O
LiClO4

Et3N, Et2O
MeO

OLi

Fohlisch, B. Chem. Ber. 1988, 121, 1585.

• LiClO4, Et3N known as Fohlisch conditions; very
       effective method to generate oxyallyl cationUse of thionium in intramolecular [4+3]:

OEt

O

SPhPhO2S

Me O

O
MeTiCl4

CH2Cl2, -78°C

67%

SPh

• (E) isomer gave 21% yield
• tethered butadiene gave 1:1 d.r.

OEt

O

SPh

Me O

EtO
MeTf2O, 2,6-lut.

CH2Cl2, 25°C

86%

SPh

O

1:1 (E)/(Z)
Harmata, M. JACS 1991, 113, 8961.

α−Heteroatom Substituted Oxyallyl Cations

OM
XR

R

OM
XR

R

A heteroatom-substituted allyl cation aids its formation and stability:
OM

XR

R
LG

or
OM

XR

R LG
X = S, N, O, ??

OM
XR

R



Sulfur-Stabilized Oxyallyl Cations:
An Application to Synthesis

AcO

O

O

Me

HO2C

Me
HO

RO2C RO2C

O

Pseudolaric Acid A

OMe

SPh

MeO

O

O

Tf2O, 2,6-lutidine

CH2Cl2

40%

O

MeO
MeO

SPh

MeO

O

OMe
SPh

Bai, TL 1999, 40, 545.

The reaction:



OEt

EtO

TMS TiCl4

CH2Cl2, -78°C

X X

X=CH2, 62%
X=O,     99%

OEt

Harmata, M. JOC 1997, 62, 1578Stabilization from oxygen and sulfur:

OTMS

OMe

MeO SPh
X Ti(Oi-Pr)3Cl

CH2Cl2, 0°C

X

O

SPh

MeO
X=CH2, 50%
X=O,     70%

Harmata, M. ARKIVOC 2002, 62.

OMe
O

O

OMe
R

54%

only
isomer

Albizati, K., TL 1990, 31, 4109.

α−Heteroatom Substituted Oxyallyl Cations:
Representative Intermolecular Examples

OTMS

OMe

MeO
CH2Cl2, -78°C

Lewis acid =
TMSOTf
SnCl4, TiCl4
BCl3

OTMS
MeO

OR R
O

O

OMe
R

R

R=H,   67%
R=Me, 78%

Vinyl oxocarbenium ion use:

Albizati, K., TL 1990, 31, 4109.



O

OMe

BuMe2AlCl, 
CH2Cl2,-78°C

>99%

Me

Me2AlCl, 
CH2Cl2,-78°C

50%

O

Me

OTBSBu
O

Me

OTBSBu

97:3

OAlMe2

OTBS

Bu

Me

exo (extended) T.S.

α−Heteroatom Substituted Oxyallyl Cations:
Representative Intermolecular Examples II

O O

OTBS
Bu

MeMe
110°C

toluene

99%

H

O

OTBS
Bu

Funk, R. OL 2001, 3, 3553.

The best results:

O

O
TBSO

Me

Me
Bu

H



α−Oxygen Substituted Oxyallyl Cation:
Synthesis of Colchicine

O

OMe

OMe
MeO

MeO
NHAc

1

Cha, J.K., JOC 1998, 63, 2804.
                  TL 2000, 56, 10175.

1

O

OMe

OMe
MeO

MeO
N
H

O

R

O

OMe
MeO

MeO
N
H

R

O

O

O

OMe

Retrosynthesis:

MeO

MeO
OMe

OH

N

O

H3B

Li

Swern, then MeO

MeO
OMe

OH

O

N

MeO

MeO
OMe

OH

O

N

1. Swern
2. Itsuno
    reduction

85%, 90% ee

PPh3, H2O

(PhO)2P(O)N3

60%

MeO

MeO
OMe

N3

O

N

MeO

MeO
OMe

NHAc

O

N

1. PPh3, H2O

2. Ac2O, Et3N

         95%

Synthesis:

64%



OMe
MeO

MeO
NAc

O

H

O
OMe

MeO

MeO
NHAc

O
OMe

OTMS

OMe

OMe

TMSOTf, EtNO2,
-78° to -50°C

60%OTMS

OMe

H

OMe
MeO

MeO
NHBoc

O
O

OMe
MeO

MeO
NHBoc

O

OTMS

OMe

OMe

TMSOTf, EtNO2,
-78° to -50°C

46% OMe

TMSO

MeO TMSOTf

Et3N, CH2Cl2
0°C to 10°C

62%

O
OMe

MeO

MeO
NHBoc

1. HCl 
   2. Ac2O

98%

Colchicine

OMe

α−Oxygen Substituted Oxyallyl Cation:
Synthesis of Colchicine

MeO

MeO
OMe

NHAc

O

N
180°C

1,2-dichlorobenzene

65% OMe
MeO

MeO
NHAc

O

Cha, J.K., JOC 1998, 63, 2804.
                  TL 2000, 56, 10175.

OMe
MeO

MeO
N
H

R

O

O
N

[4+2] r [4+2]
- HCN



Asymmetric [4+3] Cycloadditions

Heteroatom-substituted allyl cations allows for the attachment of a chiral auxiliary:

Y*
or

Y
X*

X R*also:

First, a look at the development of asymmetric [4+3] cycloadditions:

Lautens, 1996:

O
t-Bu

OR MeMe
O

BrBr

O

O

Me
Me

t-Bu

H
RO

O

O t-Bu

OR
H

Me

Me

O

Ot-Bu

H
RO

Me

Me

1

2

3

0°C to rt

 conditions                            R        yield         1       2       3 

2.5 equiv Zn-Ag, DMF          Me        26%        92      8       0
2.5 equiv. Zn-Ag, DMF          H      45-60%      27    57     16
2 equiv. ZnEt2, THF              H       70-80%          <4         96

O

O

R

RO

H
t-Bu

[Zn]
H

O

O

Me
Me

t-Bu

H
RO

Lautens, M. JACS, 1996, 118, 10930.

3

O

[Zn]O Me

Me
O

O t-Bu

OMe
H

Me

Me

1
OMe

H
t-Bu



O

O

Me
Me

Cy

H
HO

Lautens, M. JACS, 1996, 118, 10930.

Asymmetric [4+3] Cycloadditions III

Product manipulation:

1. LiBH4

2. Bu3SnH, Pd(OH)2
    THF, rt

            68%
Bu3Sn

Me

HO
Me

O
Cy

OH 1. nBuLi, rt

2. H5IO6
    THF, H2O
3. DIBAl-H
    -78°C

      66%

Me

HO
Me

OH

A.S. Kende, 1997:

Me

Cl
Me

Me

N Ph

Me

AgBF4, rt

furan/CH2Cl2 (1:1)

37%, 60% ee

O

N

Me

Me

MePh

Kende, A.S., TL 1997, 19, 3353.

Best result for a chiral imine:

Me

Me

N
H

H

Me
O

π shielding model:

1. LiBH4
2. TIPSOTf
3. MeLi, CeCl3
   THF/Et2O, 
   -78°C to -15°C

         77%

Me

TIPSO
Me

Cy

OH

HO

Me



Asymmetric [4+3] Cycloadditions IV

Hoffmann, 1998:

Hoffmann, ACIEE 1998, 37, 1266.

Use of mixed chiral acetals:

OTES
O

OMe

R

Me

O

O O

Me
R

O

OO

Me
R

0.1 equiv TMSOTf

furan, CH2Cl2, -95°C

R=Ph,      67%      7.5                      1
R=Nap,    50%     >99                    <1

O
O

Me H

Si

O

Me

Me

Me

minimized

Harmata, 1999:

O

O

TMS

Me

Me TiCl4

EtNO2, -78°C

O

X Me

OH

MeX

HO

Me

O

Me

X=O,    78%       15.8                                      1
X=CH2 73%         1.7                                      1

X

Harmata, M. TL 1999, 40, 1831.

• products could arise from attack by diene on opposite faces of the same intermediate
• no mechanistic hypothesis is offered by authors



Asymmetric [4+3] Cycloadditions V

Cha, J.K. JOC 1999, 64, 3394.

Cha, 1999:
O OTBS

Me
Cl Et3N, furan

CF3CH2OH

77%

O

O

Et

OTBS

only isomer

O

O

OTBS
Et

H

O

O

O OH
Me

Cl Et3N, furan

LiClO4, Et2O

60-65% >15:1 d.r.

OHEt

O

O
O

H
Et

H

Hsung, R.P., JACS 2001, 123, 7174.

Hsung, 2001:

Intermolecular [4+3]:

NO

O

•
Ph

DMDO

THF/acetone
-78°C

NO

O

Ph

O

NO

O

Ph

H

O

10 equiv. furan

2 equiv ZnCl2

80%

O
N

O

OO

Ph

O

O
N

O
O

Ph

major

minor

dr = >96:4



Asymmetric [4+3] Cycloadditions VI:
Nitrogen Stabilized Oxyallyl Cations

O
N

O

OO

Ph

Transition state hypothesis:

N
H

O
O

Ph

OZn

O

• endo, compact
Hsung, R.P., JACS 2001, 123, 7174.

Intramolecular [4+3]:
Tethered from Nitrogen:

NO

O

•
DMDO

acetone/CH2Cl2 ON

O

O
O H

O

O
N

O

O

H

H

n

n

 n=           temp       yield              d.r.  
  1            -45°C      82%            >20:1
  1               rt          77%            >20:1
  2            -45°C      75%            >20:1
  3            -45°C      30%             6.7:1
  3               rt          70%             4.9:1
  4               rt          57%             2.3:1

O
n

optically
enriched

Hsung, R.P., JACS 2003, 125, 12694.

H
N

O

O
O

O

• exo, extended
• tethered butadiene gave lower selectivities

1. H2, Pd/C
2. DIBAl-H

3. Na, NH3
    THF, t-BuOH

          71%

HO
NH2

O



Asymmetric [4+3] Cycloadditions VI:
Nitrogen Stabilized Oxyallyl Cations

Hsung, R.P., JACS 2003, 125, 12694.

NO

O

•

Tethered from α-carbon:

Ph

O DMDO, 10 min

CH2Cl2, -78°C

45%

O

O

N

O O

Ph

20:1 dr
• 75% yield if DMDO added
      via syringe pump
• no reaction with 4-carbon tether

N
O

O
Ph

• endo, compact

O

O

Tethered from γ-carbon:

NO

O

•
Ph

O

H OTES

DMDO, 10 min

CH2Cl2, -78°C

60% (P)
75% (M)

O

O
XcN

H

OTES
H

(P) or (M) 9:1 d.r.

• 4 carbon chain gives 20:1 d.r.
• tethered butadiene gives 20:1 d.r.

N
O

O
Ph

O

O

• endo (N), compact

N
O

O

O
O

Ph

• endo (N), extended

H •both T.S. 
predict the
major product

Hsung, R.P., ACIEE 2004, 43, 615.

OTES
H

OTES



• Zn, Sn, Mg, Co all gave low ee
• without M.S. and AgSbF6:
       46% yield, 90% ee
• substituted furans could be used with
      varied results; cyclopentadiene gave
      moderate results

O

CHO

O
R R

R=H,     8%, 50% ee
R=Me, 64%, 89% ee

endo only

N
O

O

O
Cu

N
N

O

O
H
H

Me
Me

Asymmetric [4+3] Cycloadditions VII:
Catalytic Enantioselective Methods

Hsung, R.P., JACS 2005, 127, 50.

NO

O

•

Hsung, 2005: DMDO
25 mol% Cu(OTf)2

32mol% ligand
9 equiv. furan

CH2Cl2, -78°C
4Α M.S., AgSbF6

90%, 99% ee

O

O N

O

O

ligand=
N

OO

N

MeMe

Ph

Ph

Ph

Ph

Harmata, 2003:

OTMS

CHO

HN
NMe

O

Ph

Me
Me

Me

20 mol%

O RR5 equiv.

CH2Cl2, -78°C, 4 d

N
NMe

O

Ph

Me
Me

Me

TMSO

N
NMe

O

Ph

Me
Me

Me

TMSO

Harmata, M. JACS 2003, 125, 2058.



[4+3] Cycloadditions as a Route to
Cyclooctanoids and Larger Ring Sizes

Allyl cations embedded in a ring allow a formal [4 + (3+n)] reaction:

O
O 1. LDA, CF3SO2Cl

2. 3M LiClO4, Et3N
Et2O

59%

O

O

O

O

19              :               1

• sickle-configuration
implicated as
configuration for
oxyallyl cation

However, there is no simple diastereoselection:

O

Me

Me

1. LDA, CF3SO2Cl

2. 3M LiClO4, Et3N
Et2O

61%

C
O

Me
Me

C
O

Me
MeH

H

H

H

1                 :               1
Harmata, M., JACS 1996, 118, 2960.

O
O

n
1. LDA, CF3SO2Cl

2. 3M LiClO4, Et3N
Et2O

O
C
O

O
C
O

n n

n=1      54%          16           :              1
n=2      61%            1           :            2.5
n=3      66%            1           :            7.3
n=4      67%            1           :           10.1

compact extended

O

OLi

• antiperiplanar bonds in
     compact T.S.
• as ring size increases,
     strain in the tether
     favors extended T.S.



[4+3] Cycloadditions via
Interception of the Nazarov Intermediate

Me
O

Me

FeCl3

CH2Cl2, -30°C

O

Me

Me

H
O

Me

Me

H

n
n n

n=1   65%       1.3                 :              1
n=2   67%        ---                              only

West, JACS 1999, 121, 876.

Cl3FeO

Me

Me

Me
O

Me

PhPh

BF3•OEt2, furan

CH2Cl2, -20°C

70%

Me

PhO
Me

O

Ph

West, OL 2003, 5, 2747.

Me
O

Me

PhPh

BF3•OEt2

CH2Cl2, -20°C Me

PhO
Me

Ph

RMe

MeR

R = Me, 50%
R = H,    20%



[4+3] Application: Synthesis of Dactylol Me

Me
Me

Me H

HO

Me

O

TMS

Me

1. LDA, TfCl

2. Et3N
    TFE/Et2O
3. TsOH

        74%

Me

HMe

25:1 d.r.

O

OLi

Me Me

TMS

Me

HMe

O

CH2I2

Et2Zn

  95%

MMPP, DMF

84%

Me

HMe

O
CO

4:1 ratio of esters

H2, PtO2

98%

Me

HMe

O
CO

Me
Me

1. KOH

2. CH2N2

Me

Me
Me

Me H

MeO2C
OH

Me

Me
Me

Me H

HO2C

1. POCl3, HMPA
     pyr.
2. KOH

    84%    over 4 steps

1. COCl2, DMF

2. mCPBA, pyr.
        DMAP

Me

Me
Me

Me H

O
ArO

O

LiAlH4

50% over
3 steps

Me

Me
Me

Me H

HO

Harmata, M. OL 2000, 2 2913.



[4+3] Application: Synthesis of Sterpurene

Me

Me

Me

H

H

Me

Harmata, M. OL 2003, 5, 59.

O

Br Br

TFE/benzene
-7°C

74%

Me
Me

1.2 equiv.
O

H

Br
Me

Me
1. LiAlH4

2. KH CHO

H

Me
Me

H

Br
Me

Me

O

O

Br Br
OHC

1. LiAlH4
2. DCC-MeI
3. t-BuLi; H2O

  80% yield 
  over 5 steps

Me

H

Me
MeCrO3-DMP

CH2Cl2

28%
Me

H

Me
Me

O
NH2NHTs•HCl

HCl, MeCN

80%
Me

H

Me
Me

N
TsHN

catechol borane
NaOAc-H2O

94%

Me

Me

H

H

Me

1. BH3-THF

2. PCC

      66%

Me
Me

H

H

Me

1. MeLi, Et2O

2. SOCl2

       73%

O

Me
Me

H

H

Me

Me



NR2R1N

OTBS

O

CO2Et

CONHR2
R1N

OTBS

CO2Et

R1N

O
NR1

O

Retrosynthesis:

Synthesis:

N

O

F

OH

Et3N

CPD/CH2Cl2 (1:1)
RN

O

R
N

O

60%

only endo

15%

dipolar cycloaddition
adduct

Cl BocN

O

3 steps

77% yield

• β−aroylvinyl N-protecting group chosen as it was optimal
  for cycloaddition and subsequent deprotection

[4+3] Application: Toward a Synthesis of the Sarains

NN
O

H

Sarain A

Cha, J.K., OL 1999, 1, 2017.
Cha, J.K., Heterocycles 2004, 62, 407.

HO

OH



BocN

O

[4+3] Application: Toward a Synthesis of the Sarains

1. OsO4; NaIO4

2. NaBH4
3. Ac2O

      70-75%

BocN

OH

OAc

OAc

1. Swern

2. Ph3P=CHCO2Et
3. guanidine, EtOH

           83%

BocN OH

OH

H

CO2Et

TPAP, NMO

BocN
O
O

H

CO2Et

BocN

H

CO2Et

O

O

82% 5%

Cha, J.K., OL 1999, 1, 2017.
Cha, J.K., Heterocycles 2004, 62, 407.

MeO

NH2

CONHPMB
BocN

OH

H

CO2Et AlMe3

80%
1. TBSCl
2. NaH

    86%

NPMBBocN

CO2Et

O
OTBS



Summary and Conclusions

• The [4+3] cycloaddtion is a particularly effective and efficient method to generate architectures
      containing seven membered rings and larger, as well as complex ring systems diifficult to synthesize
      via other means.

• Selective reactions are very substrate and condition dependent for both in inter- and intramolecular 
     reactions, however, judicious choice of these variables can lead to products with predictably high
     stereocontrol.

• The major drawback for use in complex synthesis is the lack of a general system that gives products
     in high yield. Because of this, many of the systems studied are fairly simple, and the full scope of
    the reaction has yet to be explored. The ability to use a [4+3] cycloaddition as a late stage fragment 
    coupling strategy is still some time away in the future.


